PROCESS FOR PRODUCTION OF POLYALKYL-SUBSTITUTED 

AROMATIC ALDEHYDE 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a process for producing polyalkyl- 
substituted aromatic aldehydes having three or more C1-C3 alkyl groups 
which are useful as a raw material or an intermediate material for the 
production of medicines, agricultural chemicals, perfumes, etc. 

10 2. Description of the Prior Art 

Gattermann-Koch reaction has been well known in the art as a 
production method of an alkyl-substituted aromatic aldehyde by formylating 
an alkyl-substituted aromatic compound with carbon monoxide in the presence 
of a catalyst such as a hydrogen chloride-aluminum chloride catalyst. In this 

15 reaction, the reaction product mixture is generally treated with water to 

separate the reaction product and the catalyst, this making the regeneration 
of the catalyst extremely difficult. Further, a large amount of wastes are 
produced by hydrolysis to unfavorably increase disposal costs. 

Modified Gattermann-Koch reactions using hydrogen fluoride and boron 

20 trifluoride as the catalyst are disclosed in U.S. Patent No. 2,485,237, Japanese 
Patent Publication No. 39-29760, Japanese Patent Application Laid-Open No. 
56-99433, etc. Since hydrogen fluoride and boron trifluoride used as the 
catalyst in the proposed modifications show a high vapor pressure, the 
hydrolysis is not needed to separate the reaction product and the catalyst, this 

25 allowing the catalyst to be recycled and reused. Therefore, the proposed 
modifications provide an industrially excellent process for the production of 
aromatic aldehydes. 

In the formylation of the alkyl-substituted aromatic compounds in the 
presence of the hydrogen fluoride/boron trifluoride catalyst, the formylation 



mainly occurs at the para-position with respect to the alkyl substituent to give 
p-alkyl aromatic aldehydes. However, if the alkyl-substituted aromatic 
compound has, as in the case of mesitylene or isodurene, alkyl groups on both 
the carbon atoms adjacent to the site to be formylated, the formylation 
5 reaction thereof is extremely slow as compared with the formylation of other 
alkyl-substituted aromatic compounds. For example, "Journal of Japan 
Petroleum Society", Vol. 20, pp. 655 to 661 (1977) teaches that toluene is 
formylated under mild conditions and in a short reaction time (under carbon 
monoxide pressure of 30 atm (2.9 MPa) for 20 min) with a yield as high as 94%, 

10 whereas the formylation of 1,3,5-trimethyl benzene (mesitylene) provides only 
79% yield even under severe conditions of a carbon monoxide pressure of 200 
atm (19.6 MPa) and a long reaction time of 1.5 h. 

U.S. Patent No. 2,485,237 discloses that the conversion of mesitylene is 
82.3% in the formylation of 0.3 mol of mesitylene in the presence of 1.0 mol of 

15 hydrogen fluoride and 1.0 mol of boron trifluoride under a pressure of 100 to 
730 atm (9.8 to 71.5 MPa) for 11 min. The pressure range proposed therein is 
too broad, but the formylation of mesitylene appears to require a considerably 
high pressure. 

Thus, the formylation of the alkyl-substituted aromatic compound 
20 having alkyl groups on both the carbon atoms adjacent to the site to be 

formylated requires an extremely high carbon monoxide pressure of 10 MPa or 
higher and/or a very long reaction time to make the process industrially 
disadvantageous. In particular, the use of a pressure as high as 10 MPa or 
more in extremely strong corrosive conditions due to the hydrogen 
25 fluorideA)oron trifluoride catalyst is industrially less practicable. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an industrially useful 
process for producing a polyalkyl-substituted aromatic aldehyde by rapidly 



I 

formylating a corresponding polyalkyl-substituted aromatic compound under 
mild conditions. 

As a result of extensive study for achieving the above object, the present 
inventors have found that, by limiting the amount of hydrogen fluoride to 2.5 
5 to 5.0 mol based on one mole of a starting polyalkyl-substituted aromatic 
compound, the formylation of the polyalkyl-substituted aromatic compound, 
even if it has alkyl groups on both the carbon atoms adjacent to the site to be 
formylated, proceeds under mild conditions with a sufficient formylation rate 
without causing precipitation of soHd matters to give the corresponding 
10 polyalkyl-substituted aromatic aldehyde in an industrially advantageous 
manner. The present invention has been accomplished on the basis of this 
finding. 

Thus, the present invention provides a process for producing a 
polyalkyl-substituted aromatic aldehyde by formylating a polyalkyl- 
15 substituted aromatic compound in the presence of a hydrogen fluoride A)oron 
trifluoride catalyst, wherein the amount of hydrogen fluoride is 2.5 to 5.0 mol 
and the amount of boron trifluoride is 1.0 to 2.5 mol per one mole of the 
polyalkyl-substituted aromatic compound. 



20 DETAILED DESCRIPTION OF THE INVENTION 

The starting polyalkyl-substituted aromatic compound may include 
aromatic compounds having three to five C1-C3 alkyl groups on their aromatic 
ring, preferably 1,3,5-trialkyl-substituted aromatic compounds, 1,2,3,5- 
tetraalkyl-substituted aromatic compounds, 1,2,4,5-tetraalkyl-substituted 

25 aromatic compounds and 1,2,3,4,5-pentaalkyl-substituted aromatic compounds. 
Examples thereof include polymethylbenzenes such as mesitylene, isodurene, 
durene and pentamethylbenzene; polyalkyl-substituted aromatic compounds 
having both methyl group and alkyl group other than methyl group such as 1- 
ethyl-3,5-dimethylbenzene, l,3-diethyl-5-methylbenzene and l-isopropyl-3,5- 

3 



dimethylbenzene; and polyalkyl-substituted aromatic compounds having only 
alkyl groups other than methyl group such as 1,3,5-triisopropylbenzene and 
1,2,3,5-tetraethylbenzene. 

In the present invention, it is particularly important to limit the amount 
5 of hydrogen fluoride acting as both a catalyst and a solvent to a particular 
range, i.e., 2.5 to 5.0 mol, preferably 3.0 to 4.5 mol based on one mole of the 
starting polyalkyl-substituted aromatic compound. If less than 2.5 mol, the 
polyalkyl-substituted aromatic aldehyde produced by the formylation forms a 
complex with HF and BF3 to precipitate from the hydrogen fluoride solvent, 

10 requiring complicated treatments. 

The use of hydrogen fluoride more than 5.0 mol per one mole of the 
starting polyalkyl-substituted aromatic compound is industrially and 
economically disadvantageous because the formylation becomes excessively 
slow and the amount of hydrogen fluoride to be recovered increases. 

15 In contrast, the formylation proceeds more rapidly with increasing 

amount of hydrogen fluoride in the case of alkyl-substituted aromatic 
compounds, such as toluene, other than 1,3,5-trialkyl-substituted aromatic 
compounds, 1,2,3,5-tetraalkyl-substituted aromatic compounds, 1,2,4,5- 
tetraalkyl-substituted aromatic compounds and 1,2,3,4,5-pentaalkyl- 

20 substituted aromatic compounds. 

Thus, the amount of hydrogen fluoride affects the rate of formylation of 
1,3,5-trialkyl-substituted aromatic compounds, 1,2,3,5-tetraalkyl-substituted 
aromatic compounds, 1,2,4,5-tetraalkyl-substituted aromatic compounds and 
1,2,3,4,5-pentaalkyl-substituted aromatic compounds in a different mode from 

25 the formylation of the other alkyl-substituted aromatic compounds. The 
reasons therefor are considered as follows. 

The site to be formylated in 1,3,5-trialkyl-substituted aromatic 
compounds, 1,2,3,5-tetraalkyl-substituted aromatic compounds, 1,2,4,5- 
tetraalkyl-substituted aromatic compounds and 1,2,3,4,5-pentaalkyl- 



substituted aromatic compounds is subjected to a large steric hindrance by the 
alkyl groups on both the adjacent carbon atoms. 

Hydrogen fluoride and boron trifluoride used as the catalyst are 
considered to form a 1:1:1 (by mol) complex with the starting polyalkyl- 
5 substituted aromatic compound. Hydrogen fluoride in excess of the starting 
polyalkyl-substituted aromatic compound participates in the formation of the 
1:1:1 (by mol) complex by solvating the complex, thereby enhancing the steric 
hindrance of the alkyl groups on both the carbon atoms adjacent to the site to 
be formylated to reduce the rate of formylation. 

10 Therefore, the steric hindrance on the site to be formylated is expected 

to be relieved by reducing the amount of excess hydrogen fluoride, thereby 
increasing the rate of formylation of 1,3,5-trialkyl-substituted aromatic 
compounds, 1,2,3,5-tetraalkyl-substituted aromatic compounds, 1,2,4,5- 
tetraalkyl-substituted aromatic compounds and 1,2,3,4,5-pentaalkyl- 

15 substituted aromatic compounds. 

The amount of boron trifluoride used together with hydrogen fluoride as 
the catalyst is 1.0 to 2.5 mol, preferably 1.4 to 2.2 mol per one mole of the 
starting polyalkyl-substituted aromatic compound. If less than 1.0 mol, the 
formylation rate is unfavorably lowered because boron trifluoride is consumed 

20 in the formation of a firm complex with the polyalkyl-substituted aromatic 
aldehyde being produced. The use of boron trifluoride more than 2.5 mol is 
economically disadvantageous because no additional effect on improving the 
reaction rate is obtained and the amount of boron trifluoride to be recovered 
increases. 

25 The formylation proceeds more rapidly as the carbon monoxide pressure 

increases. However, an excessively high pressure requires expensive 
apparatus. In the present invention, a carbon monoxide pressure of 1 to 3 
MPa is sufficient. The formylation temperature is preferably -30 to 40°C. 
The present invention will be described in more detail by reference to 

5 



the following examples. However, it should be noted that the following 

examples are only illustrative and not intended to limit the scope of the 
invention thereto. 
EXAMPLE 1 

5 A 500-ml autoclave equipped with a stirrer, three upper inlet nozzles, 

one bottom outlet nozzle and a jacket for controlling the inner temperature 
was used as a formylation reactor. 

Into the autoclave cooled to O^C or lower by flowing a cooling medium 
through the jacket, were charged 60 g (3.0 mol) of hydrogen fluoride and 120 g 

10 (1.0 mol) of mesitylene (MES). While controlling the temperature of the 
reaction solution to 20°C or lower, 136 g (2.0 mol) of boron trifluoride was 
added under stirring. 

After the addition of boron trifluoride, the inner pressure of the 
autoclave was increased to 2 MPa by introducing carbon monoxide while 

15 maintaining the inner temperature at 20°C. After stirring for one hour while 
maintaining the temperature at 20°C and the pressure at 2 MPa, the whole 
reaction mixture was drawn from the reactor into ice water. The liquid 
mixture was added with heptane and mixed thoroughly by shaking, followed 
by separation of the oil layer, which was then washed with water and analyzed 

20 by gas chromatography. As shown in Table 1, the conversion of mesitylene 
was 57 mol% and the selectivity of mesityl aldehyde was 98 mol%. 
EXAMPLE 2 

The same procedure as in Example 1 was repeated except for changing 
the charge amount of hydrogen fluoride to 80 g (4.0 mol). The gas 
25 chromatographic analysis of the oil layer showed, as shown in Table 1, that 
the conversion of mesitylene was 48 mol% and the selectivity of mesityl 
aldehyde was 98 mol%. 
EXAMPLE 3 

The same procedure as in Example 1 was repeated except for changing 
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the charge amount of hydrogen fluoride to 100 g (5.0 mol). The gas 
chromatographic analysis of the oil layer showed, as shown in Table 1, that 
the conversion of mesitylene was 41 mol% and the selectivity of mesityl 
aldehyde was 98 mol%. 
5 EXAMPLE 4 

The autoclave of the same type as used in Example 1 was cooled to 
-20°C, and then charged with 80 g (4.0 mol) of hydrogen fluoride and 120 g 
(1.0 mol) of pseudocumene. While controlling the liquid temperature to 
-20°C or lower, 95 g (1.4 mol) of boron trifluoride was added under stirring. 

10 After the addition of boron trifluoride, the inner pressure of the 

autoclave was increased to 2 MPa by introducing carbon monoxide while 
maintaining the inner temperature at -20°C. After stirring for 25 min while 
maintaining the temperature at -20'*C and the pressure at 2 MPa, the whole 
reaction mixture was drawn from the reactor into ice water. No trouble such 

15 as clogging of the outlet nozzle occurred. The liquid mixture was added with 
heptane and mixed thoroughly by shaking, followed by separation of the oil 
layer, which was then washed with water and analyzed by gas 
chromatography. The conversion of pseudocumene was 90 mol% and the 
selectivity of 2,4,5-trimethylbenzaldehyde was 99 mol%. 

20 COMPARATIVE EXAMPLE 1 

The same procedure as in Example 1 was repeated except for changing 
the charge amount to 60 g (0.5 mol) for mesitylene, 100 g (5.0 mol) for 
hydrogen fluoride and 68 g (1.0 mol) for boron trifluoride. The gas 
chromatographic analysis of the oil phase showed that, as shown in Table 1, 

25 the conversion of mesitylene was 30 mol% and the selectivity of mesityl 
aldehyde was 98 mol%. 
COMPARATIVE EXAMPLE 2 

The formylation was performed in the same manner as in Example 1 
except for changing the charge amount of hydrogen fluoride to 40 g (2.0 mol). 



After the reaction, the reaction mixture was attempted to be drawn from the 
reactor. However, the outlet nozzle was clogged with red solids to fail to draw 
the whole reaction mixture. Therefore, after reducing the inner pressure, an 
additional portion of 40 g (2.0 mol) of hydrogen fluoride was added under 
5 stirring. The Uqmd drawn from the reactor was added with heptane and 
mixed thoroughly by shaking, followed by separation of the oil layer, which 
was then washed with water and analyzed by gas chromatography. As 
shown in Table 1, the conversion of mesitylene was 65 mol% and the 
selectivity of mesityl aldehyde was 98 mol%. The red solids that clogged the 
10 outlet nozzle disappeared when shaken with water after the addition of 
heptane. The analysis on the oil layer showed the presence of mesityl 
aldehyde and identified the solids as a mesityl aldehyde-HF-BFs complex. 



Table 1 







Examples 




Comparative 
Examples 




1 


2 


3 


1 


2 


Starting materials (molar ratio) 












HF/MES 


3.0 


4.0 


5.0 


10.0 


2.0 


BFg/MES 


2.0 


2.0 


2.0 


2.0 


2.0 


Reaction temperature (°C) 


20 


20 


20 


20 


20 


Reaction pressure (MPa) 


2.0 


2.0 


2.0 


2.0 


2.0 


Conversion of MES (mol%) 


57 


48 


41 


30 


65 


Precipitation of solids 


none 


none 


none 


none 


yes 



15 As seen from Examples and Comparative Example 1, the conversion of 

mesitylene that had alkyl groups on both the carbon atoms adjacent to the site 
to be formylated became higher as the amount of hydrogen fluoride used was 
reduced when compared in the same reaction time. 

Also, as shown in Comparative Example 2, when the amount of 

20 hydrogen fluoride was smaller than the amount specified by the present 
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invention, the conversion of the starting material increased, but the solid 
aldehyde-HF-BFs complex precipitated. 

As seen from Examples and Comparative Examples, the rate of 
formylation of polyalkyl-substituted aromatic compounds that have alkyl 
5 groups on both the carbon atoms adjacent to the site to be formylated is 
increased by limiting the amount of hydrogen fluoride to the specific range. 
This enables the production of polyalkyl-substituted aromatic aldehydes under 
mild conditions without precipitation of soUds. 
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